Abstract. In the past two decades, modal analysis has become a major technology in the quest for determining, improving and optimizing dynamic characteristics of engineering structures. The essential idea of modal analysis is to describe complex phenomena in structural dynamics with simple constituents, i.e. natural vibration modes. The article deals with numerical and experimental modal analysis of a flange. Within the research, the experimental and computational models were created due to the verification of obtained modal parameters-natural frequencies and natural shapes. Numerical analysis was carried out by means of FEM method using PTC Creo software. The results obtained by experimental modal analysis were evaluated by measuring system PULSE. Experimental measurements have shown that the values of natural frequencies along with the natural shapes are adequate and that no natural frequency is not the same or close to the excitation frequency, so the component can be used in the real practice.
Introduction
Today, modal analysis has entered many fields of engineering and science. Applications range from automotive engineering, through aeronautical engineering and bioengineering, up to mechanical engineering. The essential idea of modal analysis is to describe complex phenomena in structural dynamics with simple constituents, i.e. natural vibration modes. This idea is very much like atomism which attempts to find the most basic elements for varieties of different substances, or the concept is of Fourier series which represents a complicated waveform by a combination of simple sine and cosine waves. [1] Theoretical modal analysis can be closely identified with the wave equation which describes the dynamics of a vibrating string. From the solution, natural frequencies, natural shapes and forced responses can be determined. This stage of modal analysis, developed during the nineteenth century, was largely dependent upon mathematics to solve partial differential equations which describe different continuous dynamic structures. The elegance of the solution is evident while the scope of solvable structures is limited. [2] 
Methods and Conditions
Numerical (finite element) and experimental modal analysis have become two pillars in structural dynamics. Both numerical and experimental modal analysis ultimately arrive at the modal model of a dynamic system. Compared with the FRF or the vibration response, the modal model explicitly portrays the dynamic characteristics of a system. Therefore, applications of modal analysis are closely related to utilizing the derived modal model in design, problem solving and analysis. Before embarking on the discussion of applications, it is important to refresh the two different paths from which a modal model is derived.
Numerical modal analysis relies on the description of physical properties of a system to derive the modal model. Such a description usually contains the mass, stiffness and damping matrices of the system. Thus, it is a path from spatial data to modal model. The theoretical basis of the technique is secured upon establishing the relationship between the vibration response at one location and excitation at the same or another location as a function of excitation frequency. This relationship, which is often a complex mathematical function, is known as frequency response function, or FRF in short. Combinations of excitation and response at different locations lead to a complete set of frequency response functions (FRFs) which can be collectively represented by an FRF matrix of the system. This matrix is usually symmetric, reflecting the structural reciprocity of the system. [3, 4, 5] The most used method to evaluate the numerical calculations is Finite Element Method -FEM. The principle of this numerical method is based on discretization of continuum to some number of finite elements, and these are being investigated parameters set out in the individual grid points. The theoretical basis of the technique is secured upon establishing the relationship between the vibration response at one location and excitation at the same or another location as a function of excitation frequency. For a harmonic force f(t) = F(ω)e iωt , the response of the system is another harmonic function x(t) = X(ω)e iωt , where F is a maximal force, X is a complex amplitude, ω is an angular velocity and t is time. The ratio of the displace response and the force input is often defined as the Frequency Response Function (FRF) of the system that is simply mathematically expressed by equation (1) [6, 7] ) (
(1)
Within the numerical method, the virtual model of the flange was prepared in software PTC Creo. It is presented in Fig. 1 . Material of flange was Maraging Steel 1.2709, because the part was produced by Direct Metal Laser Sintering technology. Material properties include the specific density of the material, value of 8 g/cm 3 and Young's modulus is 172 GPA. [8] After the material characteristics definition, a finite elements grid has been defined with density of 5 mm. In relation to the fact that the soft foam (on which the flange was positioned during experimental analysis) simulates unconstrained body, the same conditions were setup at numerical analysis. Consequently, it was necessary to specify the frequency range in which the analysis was carried out.
Experimental modal analysis obtains the modal model from measured FRF data or measured free vibration response data. A practical consideration of modal testing is how much FRF data need to be acquired in order to adequately derive the modal model of the tested object. When doing a simple hammer test, a fixed response location is used while alternately moving force excitation points. The measured FRF data constitute a row of the FRF matrix. The measured FRF data constitute a column of the FRF matrix. This process is known as experimental modal analysis. The derived parameters will form the modal model for the test structure. Parameters can be extracted either from individual FRF curves or from a set of FRF curves. In summary, experimental modal analysis involves three constituent phases: test preparation, frequency response measurements and modal parameter identification. Test preparation involves selection of a structure's support, type of excitation force(s), location(s) of excitation, hardware to measure force(s) and responses; determination of a structural geometry model which consists of points of response to be measured; and identification of mechanisms which could lead to inaccurate measurement. During the test, a set of FRF data is measured and stored which is then analyzed to identify modal parameters of the tested structure. [9] The aim of presented experiment was to identify the modal parameters of the flange as the component of planetary gear. The part was produced by DMLS technology. The PULSE analyzer, model 2827 -002 with its additional modules, was plugged in for data processing. PULSE analyzer consists of a measuring module type 3109 and communication module type 7533. The measuring module is used to create the geometry model, and constructing the measuring points. The communication module is used to export and import data, which is necessary at the base averaging FRF function. As the vibration sensor, the piezoelectric accelerometer type 4374 was applied. When choosing an acceleration sensor, it was necessary to take into account its weight during measurement that is not a case of distortion of measurement data. [10] Modal hammer Brüel & Kjaer, type 8203 with plastic tip was used for part excitation. To amplify the sensor signal, the type of amplifier 2627-A was connected, which could also be used as a simple converter in default mode with a sensitivity of 1 mV/pC. In the experiment, two amplifiers of the same type were used, one for amplifying the sensor signal and the second one for the response to the alarm signal amplification in modal hammer. The flange was studied while it was positioned on a soft foam. The complete measuring set is shown in Figure 2 . 
Results and Discussions
Modal analysis was performed in two different ways either in the theoretical plane as a calculation or on a practical level by performing experimental measurements on the real physical system. The values of the modal parameters, which are acquired by computing methods have been compared with measured values acquired by the experimental analysis. In the technical practice these values exactly match only occasionally.
The flange was excited in one point (point no. 1 in Fig. 3 ) and the response was measured in all 24 points. The natural frequencies of the unconstrained flange were defined by means of the RFP (Rational Fraction Polynomial) method on the base of the measured data. They are listed in the Table 1 , where the values of frequencies achieved by means of FEM method in software PTC Creo are also presented. Moreover, the first five natural shapes that respond to the natural frequencies were evaluated within the both methods of modal analysis. They are shown in the Table 2 . It is clear from the Tables  1 and 2 that the data is comparable, so the boundary conditions and other settings were defined correctly. 
Summary
The inclusion of modal analysis into the research changes the fundamental philosophy from static design to a combined static and dynamic design. The analysis enables to identify the potential dynamic problems. In the last two decades, there have been numerous applications of modal analysis reported in literature covering wide areas of engineering, science and technology. The application scope of modal analysis is expected to undergo significant expansion in the coming years. [11] In the article two approaches to the modal analysis were presented focused on the numerical and experimental methods. The natural frequencies and the natural shapes of the flange were specified due to the both methods verification. The practical research was realized in the laboratory conditions; software PTC Creo was used at the FEM. It can be said that the results achieved by numerical method (FEM) and by means of experiments were comparable. The differences between the obtained values were caused by type of constraints and also by a different number of finite elements used at both methods. Obtained data of modal analysis will be the base for the dynamic analysis and for the next experiments that authors are going to perform.
